Background Transforming acidic coiled-coil containing protein 3 (TACC3) is expressed during the mitotic phase of nuclear division and regulates microtubules. Recently, high TACC3 expression in tumor cells of various cancers including soft tissue sarcoma has been reported. However, its role in osteosarcoma remains unknown. Because we have few prognostic markers for survival in osteosarcoma, we wanted to investigate the potential role of TACC3 in human osteosarcoma and determine if it is associated with survival. Questions/purposes (1) Is there a relationship between TACC3 expression and clinicopathologic characteristics such as sex, age (< 20 or $ 20 years), histologic type (osteoblastic or others), tumor location (femur or others), American Joint Committee on Cancer staging system (AJCC stage IIA or IIB), tumor necrosis percentage after chemotherapy (< 90% or $ 90%), p53 expression (low or high), and Ki-67 expression (low or high)? (2) Is TACC3 expression associated with event-free and overall survival in patients with osteosarcoma? Methods Forty-six conventional patients with osteosarcoma were treated at our institution from 1989 to 2013. Patients were excluded because of unresectable primary site (two patients) and no chemotherapy (two patients).
Introduction
Osteosarcoma is the most common primary malignant bone tumor in adolescents and occurs most frequently in long bones, especially around the knee [20] . Additionally, it is aggressive and often metastasizes to the lungs. Despite advances in multimodal therapy, the 5-year survival of osteosarcoma is approximately 60% to 70%, which has remained stagnant over the past three decades [3] . Patients with metastases have an especially poor prognosis; approximately 20% succumb to their tumors within 5 years [10] . Current standard treatment for osteosarcoma includes wide resection with chemotherapy based on combinations of cytotoxic agents such as cisplatin, doxorubicin, and methotrexate. When conventional treatment is insufficient, there are few other options available [12] . Therefore, treating osteosarcoma remains very challenging.
Transforming acidic coiled-coil containing protein 3 (TACC3) is a member of the TACC family located in the 4p16.3 region of chromosomes [5] . TACC3, a target of Aurora A kinase, contributes to microtubule/centrosome stability during mitosis [18] . This structure forms a mitotic spindle to separate the chromosomes. Thus, microtubule/ centrosome dysfunction results in chromosomal instability [24] . Abnormal TACC3 expression is associated with various cancers [6] . In addition, it has been shown that TACC3 depletion induces p53-mediated apoptosis [23] .
Despite the recent development of chemotherapeutic agents targeting mitotic proteins such as Aurora kinase and Polo-like kinase, which have been tested for acute lymphocytic leukemia, small and nonsmall cell lung cancer, and colorectal cancer, their effects remain unclear [9] . Therefore, TACC3, an Aurora A kinase target, is a potential therapeutic target for patients with osteosarcoma.
The relationship between high TACC3 expression in tumor cells and poor prognosis has been shown in several cancers, including soft tissue sarcomas as authors previously described [11, 15, 19, 21, 36, 37] . However, the association between clinicopathologic features and TACC3 expression as well as the potential importance of this protein with respect to survival in patients with osteosarcoma to our knowledge has not been reported.
We therefore asked: (1) Is there a relationship between TACC3 expression and clinicopathologic characteristics such as sex, age, histologic type, tumor location, American Joint Committee on Cancer (AJCC) staging system, tumor necrosis percentage after chemotherapy, p53 expression, and Ki-67 expression? (2) Is TACC3 expression associated with event-free and overall survival in patients with osteosarcoma?
Patients and Methods
Fifty-one patients with newly diagnosed osteosarcoma have been treated at Kurume University since 1989. Lowgrade osteosarcoma (five patients) was excluded from this study. Patients without pretreatment biopsy samples (two patients) or clinical charts (two patients) were excluded. Other patients were excluded because of an unresectable primary site (two patients) and no chemotherapy (two patients). Of the 38 patients, five with metastasis at the initial visit were excluded. This study included pretreatment biopsy samples of 33 patients with primary high-grade conventional osteosarcoma who were diagnosed and treated at our institution from 1989 to 2013. All patients received the standard therapeutic protocol, including neoadjuvant and adjuvant chemotherapy, which consisted of cisplatin/doxorubicin/methotrexate or cisplatin/doxorubicin/methotrexate/ifosfamide [13, 31] , and complete surgical resection with histologic wide margins. They were evaluated by clinical examination and plain radiographs and CT scans at least every 3 months after completion of treatment for 2 years, then every 6 months for at least 5 years. Two pathologists (KO, HM) reviewed all biopsy specimens according to the 2013 World Health Organization classification [27] . Clinical data were collected from patients' medical charts by a research assistant (MS) who was not involved in patient care. This retrospective study was approved by the Research Ethics Committee of Kurume University, and written informed Volume 476, Number 9 TACC3 Expression in Osteosarcoma 1849 consent was obtained according to the Declaration of Helsinki. A total of 21 males (64%) and 12 females (37%) with a mean age of 17.2 years (range, 5-46 years) were included in this study; 26 tumors (79%) were osteoblastic type, five (15%) were chondroblastic type, and two (6%) were fibroblastic type. In total, 22 tumors (67%) originated in the femur, five (15%) in the tibia, one (3%) in the humerus, three (9%) in the fibula, one (3%) in the radius, and one (3%) in the scapula. According to the AJCC staging system 8th edition [2] , there were nine (27%) patients with stage IIA disease and those with stage IIB comprised 24 patients (73%). There were no patients with stage III disease. Tumor necrosis as assessed by the Rosen and Huvos grading system after neoadjuvant chemotherapy [26] was < 90% in 19 patients (58%) and $ 90% in 14 patients (42%). Nineteen of 33 patients (58%) experienced metastasis, and 17 (52%) succumbed to their tumors during the followup period (mean, 91.5 months; range, 9-283 months). No patients experienced local recurrence. The minimum followup of patients who did not relapse was 47 months.
Formalin-fixed, paraffin-embedded tissues of 3-mm thickness were deparaffinized and rehydrated with water. Antigen retrieval was performed by heating in a microwave, and then endogenous peroxidase activity was blocked using 3% hydrogen peroxide. Tissue sections were incubated with primary antibodies specific for TACC3 (rabbit monoclonal, clone: EPR7756, ab134154, Abcam, Cambridge, UK, dilution 1/200) for 30 minutes at room temperature, p53 (mouse monoclonal, clone: Do-7, M7001, Dako, Glostrup, Denmark, dilution 1/100), and Ki-67 (mouse monoclonal, clone: MIB-1, M7240, Dako, dilution 1/200) for 1 hour. Samples were then incubated with DaKo REAL™ EnVision™ System (Dako) for 30 minutes at room temperature as the secondary antibody. Visualization of the immunoreaction was performed using diaminobenzidine for 5 minutes.
The assessment of TACC3, p53, and Ki-67 in tumor cells was manually calculated by examining a minimum of 100 tumor cells in five fields using an optical microscope with 400-fold magnification. A tumor cell was defined as TACC3-positive when the cytoplasm was stained according to the criteria of other malignancies [11, 15, 19, 21, 36, 37] . For p53 and Ki-67, nuclear staining was recognized as positive based on the criteria of a previous study [25] . Two independent pathologists (KO, HM) who were blinded to any clinical information evaluated the expression of TACC3, p53, and Ki-67.
TACC3-positive percentages in each case ranged from 0% to 80% (Fig. 1 ). TACC3-positive tumor cells were observed in 30 of 33 osteosarcoma cases (91%). The cutoff value for TACC3 expression was determined by using the receiver operating characteristic (ROC) curve and Youden index (Fig. 2) [1]. Metastasis (negative or positive) was used as a dichotomous variable, whereas the TACC3-positive rate was a continuous variable. The chosen cutoff value was derived as 20%. Therefore, TACC3-positive percentages of 20% and above were defined as high expression. For p53 and Ki-67, high expression was defined as 10% and above based on the ROC curve and Youden index as well.
TACC3 was highly expressed in 19 of 33 tumors (58%), and the expression of TACC3 was detected in the tumor cell cytoplasm in all tumors. In addition, TACC3 expression was observed in many mitotic tumor cells. On the other hand, high expression of p53 and Ki-67 was detected in 23 (70%) and 22 of 33 tumors (67%), respectively (Fig. 3) . Fig. 1 The graph shows the distribution of TACC3-positive percentages in patients with osteosarcoma. TACC3-positive percentages ranged from 0% to 80%. The histogram of TACC3-positive percentages showed a skewed distribution. Fig. 2 The graph shows the ROC curve for determining the cutoff value for TACC3 expression. The cutoff value for determining TACC3 positivity was 20% according to the Youden index. AUC = area under the curve.
Statistical Analysis
Patients were classified by sex, age (< 20 or $ 20 years), histologic type (osteoblastic or others), tumor location (femur or others), AJCC staging system (stage IIA or IIB), tumor necrosis percentage after chemotherapy (< 90% or $ 90%), p53 expression (low or high), and Ki-67 expression (low or high) based on previous studies [17, 25, 32, 33] . We analyzed clinicopathologic features and TACC3 expression by Fisher's exact test. Metastasis-free survival was defined as the duration between the day of surgery and the day of the first metastasis; overall survival was defined as the duration between the day of the initial visit and the day of last followup or death. Local recurrence-free survival was not analyzed in this study because there were no patients with local recurrence. We evaluated metastasisfree survival and overall survival using the Kaplan-Meier method and a log-rank test. Multivariate Cox regression analysis was used to assess the effect of possible risk factors on metastasis-free survival and overall survival. A p value < 0.05 was recognized as statistically significant. JMP Version 12 software (SAS Institute, Tokyo, Japan) was used to perform statistical analysis in this study. Sex, age, histologic type, tumor location, AJCC stage, tumor necrosis percentage after chemotherapy, p53 expression, and Ki-67 expression were the prognostic factors for metastasis-free survival and overall survival evaluated by univariate analysis. Of these, AJCC stage IIB, high TACC3 expression, and high p53 expression correlated with a shorter metastasis-free survival as well as overall survival. These three parameters were evaluated by multivariate analysis.
Results
Higher TACC3 expression was associated with larger tumor size (ie, AJCC stage IIB in this study) (p = 0.002), higher p53 expression (p = 0.007), and higher Ki-67 expression (p = 0.002) ( Table 1) .
The estimated metastasis-free survival at 5 years was 21% (95% confidence interval [CI], 7%-41%) for patients with high TACC3 expression and 79% (95% CI, 47%-93%) for patients with low TACC3 expression (p < 0.001) (Fig. 4) . The estimated overall survival at 5 years of patients with high TACC3 expression was 34% (95% CI, 13%-56%), whereas that of patients with low TACC3 expression was 86% (95% CI, 54%-96%; p < 0.001; Fig. 5 ).
After controlling for potentially confounding variables, we found that only high TACC3 expression was associated with a lower likelihood of metastasis-free survival (hazard ratio [HR], 3.89; 95% CI, 1.07-19.78; p = 0.039) ( Table 2 ). In addition, we found that only high TACC3 expression was associated with an increased likelihood of death in patients with osteosarcoma (HR, 4.41; 95% CI, 1.01-32.97; p = 0.049; Table 3 ). Volume 476, Number 9 TACC3 Expression in Osteosarcoma
Discussion
The relationship between TACC3 overexpression in tumor cells and poor prognosis has been reported in several malignant tumors such as esophageal squamous cell carcinoma, nonsmall cell lung cancer, hepatocellular carcinoma, gastric cancer, and soft tissue sarcoma [11, 15, 19, 21, 36, 37] . However, little is known about the association of TACC3 overexpression in osteosarcoma with patients' clinicopathologic features and outcome. Therefore, we assessed the potential of TACC3 as a prognostic predictor for osteosarcoma and found an association of TACC3 overexpression with metastasis-free survival and overall survival in a small group of patients with osteosarcoma.
There are some limitations of our results. First, the number of patients in this study was relatively small. In addition, not all patients with osteosarcoma had sufficient followup duration or complete enough records to analyze; there may have been transfer bias. The problem with having a small cohort is weakness of the ability to Fig . 4 The graph shows Kaplan-Meier curves for metastasisfree survival in patients with osteosarcoma. High TACC3 expression was associated with a decreased probability of metastasis-free survival (p < 0.001).
perform a valid multivariate analysis, which needs a large cohort. It was unusual that tumor necrosis after chemotherapy was not associated with prognosis. Second, immunohistochemical (IHC) analysis was the sole method of assessing TACC3 expression. Because TACC3 is involved in microtubule regulation, the expression of TACC3 should be expected in all cells undergoing mitosis. So, the IHC antibody may also mark abnormally expressed TACC3. Hence, we performed polymerase chain reaction-based TACC3 copy number assay to measure the association of TACC3 expression with gene amplification. However, we could not find the correlation between TACC3 protein expression and gene amplification (data not shown). More detailed analysis of a mutation or IHC target such as an inactive form of TACC3 would be necessary to solve the question of how TACC3 is abnormally expressed in patients with osteosarcoma.
TACC3 expression was observed in many mitotic tumor cells by IHC analysis. This is consistent with previous observations that TACC3 is expressed, especially in the mitotic phase [5, 6] . However, IHC analysis also detected TACC3 in nonmitotic tumor cells. In normal human tissues, TACC3 is expressed in highly proliferative tissues such as the testes, spleen, thymus, and peripheral blood lymphocytes [23, 28] . Additionally, it was reported that TACC3 expression is associated with the proliferative activity of hepatocellular carcinoma cells [21] . In our study, higher TACC3 expression was correlated with that of Ki-67. This marker is expressed in the nuclei throughout the cell cycle, except for the G0 phase, and reflects the cell's proliferative ability [4] . These findings suggest that TACC3 is expressed in tumor cells with proliferative potential as well as in mitotic tumor cells. TACC3 expression was correlated with increased p53 expression, but with the number of patients we had, we could not show an association with high p53 expression and poor prognosis in this study. Opinions are divided regarding the relationship between high p53 expression and poor prognosis in patients with osteosarcoma, whereas many reports have demonstrated that high p53 expression is an indicator of poor prognosis in this disease [14] .
Patients with high TACC3 expression had shorter metastasis-free survival and overall survival compared with patients with low TACC3 expression. Furthermore, after controlling for likely confounding variables, we found that high TACC3 expression was associated with an increased likelihood of metastasis and death in patients with osteosarcoma. There are several possible explanations for this. First, TACC3 upregulation could activate the PI3K/ AKT and ERK signaling pathways, which promotes epithelial-mesenchymal transition. Epithelial-mesenchymal transition provides tumor cells with migratory ability and increases their invasive capacity [8] . In our study, higher TACC3 expression was correlated with larger tumor size (ie, AJCC stage IIB in this study). The IIA and IIB subdivision in the AJCC stage is useful for predicting a subsequent metastatic event [16] . Second, higher levels of TACC3 could decrease DNA repair ability, resulting in The graph shows Kaplan-Meier curves for overall survival in patients with osteosarcoma. High TACC3 expression was associated with a decreased probability of overall survival (p < 0.001). Volume 476, Number 9 TACC3 Expression in Osteosarcoma 1853 genomic instability [7] . However, it is possible that p53-mediated apoptosis might not occur because the p53-dependent checkpoint of tumor cells may be compromised in the TACC3 (high)/p53 (high) group as in nonsmall cell lung cancer [15] . Several studies have demonstrated the relationship between high TACC3 expression in tumor cells and poor prognosis in various cancers [11, 15, 19, 21, 36, 37] . However, there is no consensus regarding the cutoff value for high TACC3 expression based on IHC analysis. Therefore, we determined the cutoff value for TACC3 expression by analyzing the ROC curve and Youden index using metastasis, an established indicator of osteosarcoma prognosis [33] , as a dichotomous variable as well as TACC3 positivity rates as the continuous variable. In addition, the cutoff value for p53 and Ki-67 expression was also defined based on the ROC curve and Youden index. Our cutoff value using the ROC curve, and not an arbitrary value, is considered appropriate [1] .
It has been reported that TACC3 disruption suppresses tumor growth without damaging normal cells [35] , induces premature senescence in tumor cells [29] , and increases the susceptibility of tumor cells to paclitaxel, which is a microtubule inhibitor [30] . In addition, spindlactone (SPL) and Specific and Non-genetic IAP-dependent Protein Eraser (SNIPER) (TACC3) have been developed as TACC3 inhibitors [22, 34] . SPL suppresses the extension of the microtubule from the centrosome and causes mitotic defects in tumor cells by inhibiting TACC3, whereas SNIPER (TACC3) selectively induces apoptosis in tumor cells expressing increased levels of TACC3 by polyubiquitylation and proteasomal degradation. These studies indicate that TACC3 may represent a novel, promising therapeutic target, although the potential must be tested either in animal models or in proper clinical trials. In this study, we provide no evidence that these approaches will be successful.
In conclusion, we demonstrated for the first time that high TACC3 expression is correlated with poor prognosis in patients with osteosarcoma. Further studies about mutation or an inactive form of TACC3 may reveal how TACC3 is abnormally expressed in osteosarcoma. If substantiated in a larger study, the observations from this pilot study might provide the rationale to use TACC3 as a potential therapeutic target.
